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1
OPTICAL PROJECTION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of, and claims priority
under 35 USC 120 to, U.S. application Ser. No. 11/664,896,
filed Nov. 28,2008, now U.S. Pat. No. 8,300,210, whichis the
National Stage of International Application No. PCT/EP05/
10819, filed Oct. 1, 2005, which claims the benefit of U.S.
Provisional Application Ser. No. 60/617,415 filed Oct. 8,
2004 and 60/700,220 filed Jul. 18, 2005. The contents of these
applications are hereby incorporated by reference in its
entirety.

This patent disclosure hereby incorporates by reference
international Patent Application Serial No. PCT/EP2003/
008962 published as WO 2004/034149 on 22 Apr. 2004 and
invented by Weber et al.

BACKGROUND OF THE INVENTION

The present invention relates to support units for optical
sub-systems, in particular ions units, of microlithography
systems. Furthermore, it relates to an optical projection sys-
tem comprising such a support unit and an optical exposure
apparatus comprising such an optical projection system. The
invention may be used in the context of photolithography
processes for fabricating microelectronic devices, in particu-
lar semiconductor devices, or in the context of fabricating
devices, such as masks or reticles, used during such photoli-
thography processes.

Typically, the optical systems used in the context of fabri-
cating microelectronic devices such as semiconductor
devices comprise a plurality of optical elements, such as
lenses and mirrors etc., in the light path of the optical system.
Those optical elements usually cooperate in an exposure pro-
cess to transfer an image formed on a reticle or the like onto
a substrate such as a wafer. Said optical elements are usually
combined in several functionally distinct optical sub-sys-
tems. These distinct optical sub-systems may be formed by
distinct lens units comprising a plurality of such optical ele-
ments, such as lenses and mirrors and other optical elements,
of'the optical system. Refractive lens units or at least mainly
refractive lens units mostly have a straight axis of symmetry
of the optical elements usually referred to as the optical axis.
Moreover, they generally have an elongated substantially
tubular design due to which they are typically referred to as
lens barrels.

Due to the ongoing miniaturization of semiconductor
devices there is a permanent need for enhanced resolution of
the optical systems used for fabricating those semiconductor
devices. This need for enhanced resolution obviously pushes
the need for an increased numerical aperture and increased
imaging accuracy of the optical system. Furthermore, to reli-
ably obtain high-quality semiconductor devices it is not only
necessary to provide an optical system showing a high degree
of imaging accuracy. It is also necessary to maintain such a
high degree of accuracy throughout the entire exposure pro-
cess and over the lifetime of the system. As a consequence, the
above optical sub-systems must be supported in a defined
manner in order to maintain a predetermined spatial relation-
ship between said optical sub-systems to provide a high qual-
ity exposure process.

In many cases, several distinct lens barrels are directly
connected to each other to form a mechanical lens barrel unit
as it is known, for example, from EP 1 168 028 A2 to Taka-
hashi et al. In these cases, support to the lens barrel unit is
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provided via a support structure contacting a flange of one of
the lens barrels. Often, different lens barrels are supported
separately by one or more support structures. In either case
the support structures supporting the lens barrels or lens bar-
rel units typically are designed in the manner of an open
skeleton framework. Such framework support structures are
known, for example, from U.S. Pat. Nos. 5,638,223 and
6,529,264 B1 both to Ikeda as well as from U.S. Pat. Nos.
6,639,740 B1, 6,631,038 B1, 6,549,347 B1, 6,449,106 BI,
6,473,245 B1 all to Spinali.

Those open support structures may allow for an accurate
positioning of the lens barrels with respect to each other.
However, they show the disadvantage that, depending on the
required spatial relationship between the lens barrels, the
light path may have to pass open areas outside the lens barrels.
For these areas a gas tight and light tight enclosure has to be
provided for avoiding adverse effects on the quality of the
exposure process. Such an additional enclosure adds to the
overall complexity of the system

A further disadvantage of the above support structures lies
within the fact that local deformations or position variations
within single components of the support structure are likely to
lead to position variations of the optical elements which
largely affect the accuracy of the optical system and, thus, the
quality of the exposure process. Furthermore, such variations
cause extensive effort for re-adjusting the optical system.

Furthermore, from WO 03/012548 A1l to Kohl et al., it is
known to support distinct optical sub-systems of a microli-
thography system via a support structure in the form of a
housing-like frame structure composed of an upper frame
structure element and a lower frame structure element. While
the lower frame structure element supports a rather heavy
elongated refractive optical sub-system in the form of an
elongated lens barrel, the upper frame structure element only
supports rather lightweight optical sub-systems in the form of
axially short lens or lens and mirror groups.

This design may be useful for a microlithography system
with only lightweight optical sub-systems located in the light
path before any heavy elongated refractive optical sub-sys-
tem. However, further heavy elongated refractive optical sub-
systems located in the light path before said heavy elongated
refractive optical sub-system mounted to the lower frame
structure element seem to be mounted to open support struc-
tures as previously described. This again leads to the above
disadvantages.

Furthermore, as it is known e.g. from U.S. Pat. No. 6,873,
476 B2 to Shafer, configurations of optical elements may be
used in microlithography systems where certain optical ele-
ments have to be arranged off-axis. U.S. Pat. No. 6,873,476
B2 to Shafer discloses a catadioptric microlithography pro-
jection unit with a folded optical axis. One of the mirrors used
has to be laterally offset from the remaining optical elements
resulting in a housing structure that deviates from the cylin-
drical design of the remaining part of the projection unit. This
leads to a very complex design of the projection unit that has
considerable disadvantages with respect to its thermal and
dynamic properties. Furthermore, peripheral units, such as
cooling devices etc., have also to be adapted to this complex
design. Finally, assembly and adjustment of the projection
unit are rather complicated since simple test methods avail-
able for rotationally symmetric units may not be used.

SUMMARY OF THE INVENTION

It is thus an object of the present invention to provide for a
support of the optical sub-systems, in particular, the lens
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units, of an optical projection system of a microlithography
system that, at least to some extent, overcomes the above
disadvantages.

It is a further object of the present invention to provide for
a support of the optical sub-systems, in particular, the lens
units, of an optical projection system of a microlithography
system which is simple to implement, which is of simple
design and which allows for a simple and durable adjustment
of the position of said optical sub-systems with respect to
each other and with respect to an external reference.

It is a further object of the present invention to provide for
an optical projection system of a microlithography system, as
well as to provide for a support unit for optical sub-systems of
a microlithography system, in particular, the lens units of a
microlithography system, as well as to provide for an optical
exposure apparatus each of which, at least to some extent,
over-comes the above disadvantages.

It is a further object of the present invention to provide for
an optical projection system of a microlithography system, as
well as to provide for a support unit for optical sub-systems of
a microlithography system, in particular, the lens units of a
microlithography system, as well as to provide for an optical
exposure apparatus each of which is simple to implement, is
of simple design and allows for a simple and durable adjust-
ment of the position of said optical sub-systems with respect
to each other and with respect to an external reference.

According to the invention it has been found that it is
possible to integrate several functions within a single com-
pact optical element module providing good thermal and
dynamic properties. On the one hand, the housing of such an
optical element module may serve as a load bearing structure
supporting several elongated and heavy optical sub-systems
or even all optical sub-systems of an optical projection unit.
On the other hand, the housing of such an optical element
module may be designed in such a manner that it does not
break up the external symmetry of the optical projection unit.

Thus, according to one aspect of the invention there is
provided an optical projection unit comprising a first optical
element module and at least one second optical element mod-
ule. The first optical element module comprises a first hous-
ing unit and at least a first optical element, the first optical
element being received within the first housing unit and hav-
ing an optically used first region defining a first optical axis.
The at least one second optical element module is located
adjacent to the first optical element module and comprises at
least one second optical element, the second optical element
defining a second optical axis of the optical projection unit.
The first housing unit has a central first housing axis and an
outer wall extending in a circumferential direction about the
first housing axis. The first optical axis is at least one of
laterally offset and inclined with respect to the first housing
axis. Furthermore, the first housing axis is substantially col-
linear with the second optical axis.

According to a further aspect of the invention there is
provided an optical exposure apparatus for transferring an
image of a pattern formed on a mask onto a substrate com-
prising a light path, a mask location located within the light
path and receiving the mask, a substrate location located at an
end of the light path and receiving the substrate, and an optical
projection unit according to the invention located within the
light path between the mask location and the substrate loca-
tion.

According to a further aspect of the invention there is
provided a method of holding a plurality of optical elements
comprising, in a first step, providing the plurality of optical
elements and, in a second step, holding the plurality of optical
elements relative to each other. The plurality of optical ele-
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ments comprises a first optical element and at least one sec-
ond optical element, the first optical element having an opti-
cally used first region defining a first optical axis, and the at
least one second optical element defining a second optical
axis. In the first step, a first housing unit is provided, the first
housing unit having a central first housing axis and an outer
wall extending in a circumferential direction about the first
housing axis. In the second step, the first optical element is
held within the first housing unit such that the first optical axis
is at least one of laterally offset and inclined with respect to
the first housing axis. In the second step, the at least one
second optical element is held with respect to the first housing
unit such that the second optical axis is substantially collinear
with the first housing axis.

With such an optical projection unit, such an optical expo-
sure apparatus and such a method, respectively, it is possible
to maintain the external symmetry of an optical projection
unit the optical projection unit forms part of. In particular, this
is possible despite the asymmetric arrangement of some of
the optical elements received within the optical projection
unit. Such a design with external symmetry is of a less com-
plexity which, in turn, leads to improved thermal and
dynamic properties compared to the known externally asym-
metric designs. Furthermore, the complexity of peripheral
units, such as cooling devices etc., is also reduced leading to
a reduced manufacturing effort. Finally, simple test methods
available for rotationally symmetric units may be used with
such a design. Thus, assembly and adjustment of the projec-
tion unit are less complicated compared to the known exter-
nally asymmetric designs.

It will be appreciated that, although the external symmetry
of the design according to the invention in some cases
requires more building space and larger housing components
than known asymmetric designs, it has been found that the
advantages outlined above largely outweigh these disadvan-
tages.

According to a further aspect of the present invention there
is provided an optical projection system for a microlithogra-
phy system comprising a light path, a first lens unit receiving
a first part of said light path, a second lens unit receiving a
second part of said light path, a support unit supporting said
first lens unit and said second lens unit, said support unit
comprising a housing receiving a third part of said light path,
said housing comprising at least a first interface and a second
interface, said first interface being a first support interface
supporting said first lens unit, said second interface being a
second support interface supporting said second lens unit,
said first lens unit and said second lens unit being elongated
lens units comprising a plurality of lenses.

It has been found that, with such a support unit, it is pos-
sible to integrate several functions within a single unit. On the
one hand, the housing of said support unit may serve as a load
bearing structure supporting several elongated and heavy
optical sub-systems or even all optical sub-systems of the
optical projection system. Due to its structural coherence, the
housing provides a stable single reference for all lens units
mounted to it. This considerably reduces the effort for mutual
adjustment of the lens units, which, in general, is to be moni-
tored and provided continuously. Furthermore, the housing of
said support unit may also integrate the light tight and gas
tight enclosure of the light path between separate lens units.
This considerably adds to the simplicity of the overall design.

According to a further aspect of the present invention there
is provided a support unit for supporting lens units of a
microlithography system comprising a housing for partly
receiving a light path, said housing comprising at least a first
interface and a second interface, said first interface being a
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first support interface for supporting an elongated first lens
unit comprising a plurality of lenses, said second interface
being a second support interface for supporting an elongated
second lens unit comprising a plurality oflenses, said housing
being adapted to substantially bear the load of said elongated
first lens unit and said elongated second lens unit.

It will be appreciated that the present invention may not
only be used in the context of lens units. It may also be used
in the context of supporting optical sub-systems of any
design, which may, exclusively or in part, contain optical
elements other than refractive optical elements, such as
reflective optical elements and/or diffractive optical elements
etc.

Thus, according to a further aspect of the present invention
there is provided an optical projection system for a microli-
thography system comprising a light path, a first optical sub-
system receiving a first part of said light path, a second optical
sub-system receiving a second part of said light path, a sup-
port unit supporting said first optical sub-system and said
second optical sub-system, said support unit comprising a
housing receiving a third part of said light path, said housing
comprising at least a first interface and a second interface,
said first interface being a first support interface supporting
said first optical sub-system, said second interface being a
second support interface supporting said second optical sub-
system, said first optical sub-system and said second optical
sub-system being elongated units comprising a plurality of
optical elements.

According to a further aspect of the present invention there
is provided an optical projection system for a microlithogra-
phy system comprising a light path, a first lens unit receiving
a first part of said light path, a second lens unit receiving a
second part of said light path, a support unit supporting said
first lens unit and said second lens unit; said first lens unit and
said second lens unit being elongated lens units comprising a
plurality of lenses; said support unit comprising a housing
receiving a third part of said light path and enclosing at least
one reflective element; said housing comprising at least a first
interface including a first passage for said light path and a
second interface including a second passage for said light
path; said housing forming an envelope for said light path,
said envelope, apart from said first passage and said second
passage, being essentially light tight; said first interface being
afirst support interface supporting said first lens unit, and said
second interface being a second support interface supporting
said second lens unit.

According to a further aspect of the present invention there
is provided an optical projection system for a microlithogra-
phy system comprising a light path, a first lens unit receiving
a first part of said light path, a second lens unit receiving a
second part of said light path, a support unit supporting said
first lens unit and said second lens unit; said first lens unit and
said second lens unit being elongated lens units comprising a
plurality of lenses; said support unit comprising a housing
receiving a third part of said light path and enclosing at least
one reflective element; said housing comprising at least a first
interface and a second interface; said first interface being a
first support interface supporting said first lens unit; said
second interface being a second support interface supporting
said second lens unit at a location substantially opposite to
said first interface.

According to a further aspect of the present invention there
is provided an optical projection system for a microlithogra-
phy system comprising a light path, at least two lens unit
pairs, a support unit supporting each lens unit pair; each of
said lens unit pairs comprising two lens units, each of said
lens units receiving a part of said light path; said lens units
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being elongated lens units comprising a plurality of lenses;
said support unit comprising a housing receiving a further
part of said light path; said housing comprising at least two
interface pairs, each interface pair supporting one of said lens
unit pairs; each of said interface pairs comprising two support
interfaces arranged substantially opposite to one another,
each of said support interfaces supporting one of said lens
units of said respective lens unit pair.

According to a further aspect of the present invention there
is provided an optical projection system for a microlithogra-
phy system comprising a light path, a first lens unit receiving
a first part of said light path, a second lens unit receiving a
second part of said light path, a support unit supporting said
first lens unit and said second lens unit; said first lens unit and
said second lens unit being elongated lens units comprising a
plurality of lenses; said support unit comprising a supporting
part supporting said first lens unit and said second lens unit
and a separate enveloping part enveloping a third part of said
light path.

According to a further aspect of the present invention there
is provided an optical projection system for a microlithogra-
phy system comprising an optical axis, at least a first optical
element unit defining a first part of said optical axis, and a
support unit supporting said first optical element unit; said
support unit comprising a support housing receiving at least
one optical element, said at least one optical element defining
atleast a second part of said optical axis, said support housing
having at least a first interface, said first interface being
adapted to support and adjust said first optical element unit.

According to a further aspect of the present invention there
is provided an optical exposure apparatus for transferring an
image of a pattern formed on a mask onto a substrate, com-
prising an optical projection system according to the present
invention.

Further embodiments of the present invention will become
apparent from the dependent claims and the following
description of preferred embodiments which refers to the
appended figures. All combinations of the features disclosed,
whether explicitly recited in the claims or not, are within the
scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a schematic partially sectional view of a preferred
embodiment of an optical exposure apparatus according to
the present invention comprising an optical projection system
according to the present invention with a support unit accord-
ing to the present invention;

FIG. 2 is a schematic view of a further preferred embodi-
ment of an optical exposure apparatus according to the
present invention comprising an optical projection system
according to the present invention with a support unit accord-
ing to the present invention;

FIG. 3 is a schematic view of a further preferred embodi-
ment of an optical exposure apparatus according to the
present invention comprising an optical projection system
according to the present invention with a support unit accord-
ing to the present invention;

FIG. 4 is a schematic partially sectional view of a further
preferred embodiment of an optical projection system
according to the present invention with a support unit accord-
ing to the present invention;

FIG. 5 is a schematic partially sectional view of a further
preferred embodiment of a catadioptric optical projection
system according to the present invention with a support unit
according to the present invention;
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FIG. 6 is a schematic partially sectional view of a further
preferred embodiment of an optical projection system
according to the present invention with a support unit accord-
ing to the present invention;

FIG. 7 is a schematic partially sectional view of a further
preferred embodiment of an optical projection system
according to the present invention with a support unit accord-
ing to the present invention;

FIG. 8 is a schematic partially sectional view of a further
preferred embodiment of an optical projection system
according to the present invention with a support unit accord-
ing to the present invention;

FIG. 9 is a schematic partially sectional view of a further
preferred embodiment of an optical projection system
according to the present invention with a support unit accord-
ing to the present invention;

FIG. 10 is a schematic partially sectional view of a further
preferred embodiment of an optical projection system
according to the present invention with a support unit accord-
ing to the present invention;

FIG. 11 is a schematic partially sectional view of a further
preferred embodiment of an optical exposure apparatus
according to the present invention comprising an optical pro-
jection system according to the present invention with a sup-
port unit according to the present invention;

FIG. 12 is a schematic partially sectional view of a further
preferred embodiment of an optical exposure apparatus
according to the present invention comprising an optical pro-
jection system according to the present invention with a sup-
port unit according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

First Embodiment

In the following, a first preferred embodiment of an optical
exposure apparatus 1 according to the present invention com-
prising a catadioptric optical projection system 2 according to
the present invention with a support unit 3 according to the
present invention will be described with reference to FIG. 1.

The optical exposure apparatus 1 is adapted to transfer an
image of a pattern formed on a mask 4 onto a substrate 8. To
this end, the optical exposure apparatus 5 comprises an illu-
mination system 6 illuminating said mask and the optical
projection system 2. The optical projection system 2 projects
the image of the pattern formed on the mask 4 onto the
substrate 5, e.g. a wafer or the like.

The optical projection unit 2 comprises two optical sub-
systems in the form of two elongated optical element units,
namely a first optical element unit 7 and a second optical
element unit 8 mounted to and supported by the support unit
3. The support unit 3 also forms a first optical element module
holding two first optical elements each having a first optical
axis as will be described further below.

It will be appreciated that, in the sense of the invention, the
term elongated optical element unit is to designate a optical
element unit with an optical axis having a dimension along its
optical axis which is larger than the dimension of its largest
optical element transverse to its optical axis. Such a optical
element unit may have a generally cylindrical design with an
essentially circular cross section. However, any other type of
cross section, such as a polygonal or elliptic cross section may
be chosen as well.

The optical projection unit 2 receives the part of the light
path between the mask 4 and the substrate 5. In particular, the
first optical element unit 7 receives a first part of said light
path while the second optical element unit 8 receives a second
part of said light path. The support unit 3 receives a third part
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8

of'said light path located between the first optical element unit
7 and the second optical element unit 8.

Each optical element unit 7, 8 comprises a stack of second
optical element modules 7.1 and 8.1, respectively, connected
to each other. Each of said second optical element modules
7.1 and 8.1, respectively, comprises one or more second opti-
cal elements 7.2 and 8.2, respectively, as well as a support
frame supporting said optical element 7.2 and 8.2, respec-
tively.

The second optical elements 7.2 of the first optical element
unit define a second optical axis 7.3 as a part of the straight
optical axis of the optical projection system 2, while the
second optical elements 8.2 of the second optical element unit
8 define a third optical axis 8.3 as a further part of the straight
optical axis of the optical projection system 2.

At least some of the second optical elements 7.2 and 8.2,
respectively, are actively positioned during operation of the
exposure apparatus 6 by means of active positioning devices
controlled by a corresponding control device (not shown). To
this end, the control device may receive information repre-
sentative of the actual imaging quality provided by the optical
projection system 2 and control the operation of the active
positioning devices of the respective second optical element
module 7.1 and 8.1, respectively, in response to this informa-
tion.

The support unit 3 forming the first optical element module
comprises a first housing unit 3.1 centrally arranged within
the optical projection unit 2. The first housing unit 3.1 has a
centrally located first housing axis 3.2 that is collinear with
the second optical axes 7.3 and 8.3. The first housing unit 3.1
furthermore has an outer wall 3.3 extending in a circumfer-
ential direction about the first housing axis 3.2.

The outer wall 3.3 is substantially rotationally symmetric
with respect to the first housing axis 3.2. The outer wall 3.3
has an essentially circular cross sectionina plane perpendicu-
lar to the first housing axis 3.2. However, it will be appreci-
ated that, with other embodiments of the invention, any other
geometry may be chosen that is substantially symmetric with
respectto the first housing axis 3.2. It will be appreciated that,
in the sense of the invention, the term substantially symmetric
with respect to the first housing axis 3.2 is to be understood as
including any outer housing geometry that may be trans-
formed substantially into itself by a rotation of less than 360°
about the first housing axis.

This first housing unit 3.1 is of sufficient rigidity and
strength to take the loads of the first optical element unit 7 and
the second optical element unit 8. Furthermore, the housing
3.1is optically functional. To this end, it forms a gas tight and
light tight envelope of the part of the light path between the
first optical element unit 7 and the second optical element unit
8. To provide this gas and light tightness, the first optical
element unit 7 and the second optical element unit 8, both, are
mounted to the housing in as gas and light tight manner via
coupling elements 9 as disclosed in the German patent appli-
cation No. 103 52 820.2, filed on Nov. 11, 2003, the disclo-
sure of which is incorporated herein by reference. These
coupling elements 9 also provide for a thermal deformation
decoupling of the housing and the respective optical element
unit 7, 8. Thus, in other words, the housing unit 3.1 integrates
the function of supporting the first optical element unit 7 and
the second optical element unit 8 and the function of envel-
oping said third part of the light path between the latter in a
gas tight and light tight manner.

A further optical sub-system 10 forming a reflective part of
the catadioptric optical projection system 2 is located within
the first housing unit 3.1. This further optical sub-system is
formed by two reflective optical elements in the form of
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mirrors 10.1 and 10.2. These mirrors 10.1 and 10.2 define the
shape of the light path within the first housing unit 3.1. Both
mirrors 10.1 and 10.2 are mounted radially offset, i.e. later-
ally offset, with respect to the first housing axis 3.2. Both
mirrors 10.1 and 10.2 are mounted are to the first housing unit
3.1 in a statically determinate way, namely in an isostatic
manner.

To this end, the mirror 10.1 is mounted to a rotationally
symmetric circular ring shaped mirror holder 10.3 having a
central holder axis that is substantially collinear with the first
housing axis 3.2. Similarly, the mirror 10.2 is mounted to a
rotationally symmetric circular ring shaped mirror holder
10.4 having a central holder axis that is substantially collinear
with the first housing axis 3.2. For each mirror 10.1 and 10.2
there are provided three suitable mirror supports 10.5 and
10.6, respectively, that are connected to the respective mirror
holder 10.3 and 10.4. The mirror supports 10.5 and 10.6
support the respective mirror 10.1 and 10.2 in the region of the
optically used first region 10.7 and 10.8, respectively, of the
respective mirror 10.1 and 10.2. The mirror holders 10.3 and
10.4 are, in turn, mounted in a statically determinate way to
the housing via three evenly distributed suitable housing sup-
ports 10.9 and 10.10, respectively. The housing supports 10.9
and 10.10, respectively, are mounted to internal interfaces of
the first housing unit 3.1 that are adapted for supporting and
adjusting the respective mirror 10.1 and 10.2.

It will be appreciated that, with other embodiments of the
present invention, the mirrors may be mounted directly to the
first housing unit in a statically determinate way. Further-
more, it will be appreciated that, with other embodiments of
the present invention, one or both of the mirrors may be
mounted to the housing or a mirror holder in a statically
indeterminate way. For example, a statically overdeterminate
mounting may be used to introduce defined deformations into
the respective mirror.

The symmetric mirror holders 10.3 and 10.4 provide for a
largely simplified assembly of the respective mirror 10.1 and
10.2 within the first housing unit 3.1. This is, among others,
due to the fact that the mirror holders 10.3 and 10.4 may
provide a constant distance to the inner circumference of the
outer wall 3.3 allowing the use of identical holder supports
evenly distributed at the inner circumference of the outer wall
33.

However, it will be appreciated that, with other embodi-
ments of the invention, the respective mirrors 10.1 and 10.2,
in their circumferential direction, may extend beyond their
optically used first region as it is indicated in FIG. 1 by the
dashed contours 10.11 and 10.12, respectively. This allows
for an easier and more even support to the mirrors, e.g. the use
of support units evenly distributed at the circumference of the
respective mirror. Furthermore, such a design may also be
beneficial in terms of the dynamic and thermal behavior of the
mirrors and their support. Of course, in such cases, the respec-
tive mirror may be provided with a recess forming a passage-
way for the light used during the projection process. Further-
more, in some cases, the mirrors may even be of substantially
symmetric shape although only the first region is optically
used while a second region is optically unused during the
projection process. It has been found that, although such a
design causes larger mirrors with large unused areas, in par-
ticular the advantages in terms of dynamic and thermal
behavior outlined above largely outweigh these disadvan-
tages.

The further optical sub-system 10 forming a reflective part
of'the catadioptric optical projection system 2 only comprises
reflective optical elements. However, it will be appreciated
that, with other embodiments of the present invention, the
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further optical sub-system located within the housing may
also comprise other optical elements, e.g. refractive optical
elements such as lenses etc. or diffractive optical elements
etc.

The optically used first region 10.7 of the mirror 10.1
defines a first optical axis 10.13 that is inclined with respect to
the first housing axis 3.2. The same applies to the mirror 10.2,
where the optically used first region 10.8 defines a first optical
axis 10.14 that is inclined with respect to the first housing axis
3.2. Due to this inclination, the respective mirror 10.1 and
10.2 is laterally offset with respect to the first housing axis 3.2
and, thus, laterally offset with respect to the second optical
axes 7.3 and 8.3. In other words, the respective mirror 10.1
and 10.2 is arranged in an oft-axis position with respect to the
second optical axes 7.3 and 8.3.

The housing 3.1, at its upper side, provides a first interface
3.4 with a simple planar first interface surface 3.5. This first
interface 3.4 forms a first support interface for the first optical
element unit 7 that has a mating second interface. The first
interface 3.4 is adapted for adjusting the first optical element
unit 7 with respect to the housing 3.1. The first interface 3.4
also forms a first passage for the light path from the first
optical element unit 7 to the support unit 3.

At its lower side, opposite to the upper side with the first
interface 3.4, the housing 3.1 provides a third interface 3.6
with a simple planar third interface surface 3.7. This third
interface 3.6 forms a third support interface for the second
optical element unit 8 that has a mating fourth interface. The
third interface 3.7 is adapted for adjusting the second optical
element unit 8 with respect to the housing 3.1. The third
interface 3.6 also forms a second passage for the light path
from the support unit 3 to the second optical element unit 8.

These planar interface surfaces 3.5 and 3.7 are easy to
manufacture e.g. by corresponding manufacturing processes
such as turning, milling, grinding, polishing etc. or combina-
tions thereof. They add to the overall simplicity of the design.

The first interface surface 3.5 is parallel to the third inter-
face surface 3.7. Furthermore, the second optical axis 7.3 of
the first optical element unit 7 and the third optical axis 8.3 of
the second optical element unit 8 are adjusted to assume a
predetermined positional relationship. This predetermined
positional relationship may be any necessary positional rela-
tionship, e.g. parallel or inclined with respect to each other. In
the embodiment shown, the first optical axis 7.3 of the first
optical element unit 7 and the second optical axis 8.3 of the
second optical element unit 8 are adjusted to be collinear as a
special case of parallelism to define parts of the straight
optical axis of the optical projection system 2.

In the embodiment shown, the first interface 3.4 has a first
interface axis collinear with the second optical axis 7.3 and
with the first housing axis 3.2. Furthermore, the third inter-
face has a second interface axis collinear with the first hous-
ing axis 3.2 and the third optical axis 8.3 and, thus, collinear
with the first interface axis. However, it will be appreciated
that, depending on the required geometry of the light path
other alignments of the interface surfaces, the interface axes
and the optical axes, respectively, may be provided by simple
adjustments of the respective coupling between the optical
element unit and the housing.

This arrangement with the second optical axis 7.3 and the
third optical axis 8.3 being collinear with the first housing
axis 3.2 forming a symmetry axis of the first optical element
module 3, despite the off-axis arrangement of the mirrors 10.1
and 10.2, provides for a projection unit 2 that has a substan-
tially rotationally symmetric outer shape over its entire
length. In a view along the collinear second optical axes 7.3
and 8.3, the outer shape of the first optical element module 3
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is concentric with the outer shape of the optical element units
7 and 8. As has been outline above, this maintained outer
symmetry design greatly simplifies the manufacture of the
projection unit 2 and provides considerable advantages in
terms of dynamic and thermal behavior with respect to known
asymmetric designs.

At its lower side, the housing 3.1 furthermore provides
auxiliary interfaces 3.8, each with a simple planar auxiliary
interface surface 3.9. Each auxiliary interface surface 3.9
forms a rest interface for the support unit 3. At each auxiliary
interface 3.9 the support unit 3 and, thus, the optical projec-
tion system 2 is coupled to a support element 11 defining the
position of the optical projection system 2 in space. Each
auxiliary interface surface 3.9 also forms a reference interface
for the support unit 3.

The auxiliary interface surfaces 3.9 are separated from but
coplanar with the second interface surface 3.7. Thus, all the
interface surfaces 3.7 and 3.9 at the lower side of the housing
3.1 may be manufactured in one common step adding to the
overall accuracy of the system. To avoid adverse run-on
effects during manufacturing affecting the surface quality of
the respective interface surface, the surfaces are provided
with inclined ramps and/or overruns at their periphery.

It will be appreciated that the above design with coplanar
interface surfaces is of particular advantage. However, it will
also be appreciated that, with other embodiments of the
present invention, other surface configurations may be cho-
sen. Preferably, at least the first and second interface surface
forming the support interface for the respective optical ele-
ment unit protrudes further from the housing than any other
part of the housing in order to provide easy access to this
surface during its manufacture, e.g. with a large grinding
machine etc.

It will be appreciated that further easily accessible external
interfaces may be provided at the housing unit 3.1 for arbi-
trary purposes such as for metrology purposes etc. Further-
more, interfaces may be provided for external supports exter-
nally supporting the optical element units as indicated in F1G.
1 by the dashed contours 12.

The housing unit 3.1 is manufactured of a plurality of
ceramically bonded sections made of a ceramic material com-
prising SiC. These sections are prepared in a low shrinkage
near-net-shape casting process. Parts of the housing unit 3.1
are then processed, e.g. milled or the like, to provide desired
shape. Then, the housing unit 3.1 is ceramized in a low shrink-
age near-net-shape reaction infiltration process. Thus, the
housing unit 3.1 has a high modulus of elasticity, a high
thermal conductivity and a low thermal expansion coefficient.
Due to its strength and rigidity, during mounting the optical
element units, the housing unit 3.1 may be freely positioned,
in particular rotated, in space to provide easy access to the
respective areas to be worked on.

The housing unit 3.1 is of monolithic design. However, it
will be appreciated that, with other embodiments of the
present invention, the housing may be composed of a plurality
of separable components, e.g. in two components as it is
indicated in FIG. 1 by the dashed contour 3.10. With such an
embodiment, the distance between the two mirrors 10.1 and
10.2 may be adjusted by introducing one or more spacer
elements between the components of the housing. Further-
more, the housing may be composed of a three separable
components as it is indicated in FIG. 1 by the dot-dashed
contours 3.11. With such a configuration, the housing may be
easily composed of two simple plate-like components and
one simple tubular component.

In the following several examples of optical projection
systems according to the present invention will be described
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to explain further preferred arrangements of the optical sub-
systems of the optical projection system. The components of
these optical projection systems, in their design and function-
ality, correspond to the components of the embodiments
described above in the context of FIG. 1. All those optical
projection systems are suitable for being applied in an optical
exposure apparatus according to the present invention as it
has been described above in the context of FIG. 1.

Second Embodiment

FIG. 2 is a schematic view of a second preferred embodi-
ment of a catadioptric optical projection unit 102 according to
the present invention with a support unit 103 according to the
present invention, the support unit 103 again forming a first
optical element module according to the present invention.

The optical projection unit 102 again comprises two refrac-
tive optical sub-systems in the form of two elongated optical
element units, namely a first optical element unit 107 and a
second optical element unit 108 mounted to and supported by
the support unit 103 comprising a housing 103.1. The optical
element units 107 and 108, again, are composed of a stack of
second optical element modules 107.1 and 108.1, respec-
tively.

As with the embodiments described above, each optical
element unit 107, 108 comprises a stack of second optical
element modules 107.1 and 108.1, respectively, connected to
each other. Each of said second optical element modules
comprises one or more optical elements as well as a support
frame supporting said optical element. The first optical ele-
ment unit 107 has an optical axis 107.3 defined by its optical
elements, while the second optical element unit 108 has an
optical axis 108.3 also defined by its optical elements. The
optical axis 107.3 is collinear with the optical axis 108.3

The first optical element module 103 comprises a rotation-
ally symmetric first housing unit 103.1 with a central axis of
symmetry in the form of a first housing axis 103.2 that is
collinear with the optical axes 107.3 and 108.3.

The first optical element module 103 further comprises a
catadioptric optical sub-system 110 of the optical projection
unit 102. To this end it comprises a plurality of first optical
elements in the form of reflecting elements 110.1 and 110.2
and one or more refractive elements 110.15, e.g. lenses. All
these first optical elements 110.1, 110.2, 110.15 have optical
axes that are inclined with respect to the first housing axis
103.2. In particular, the reflecting element and 110.2 and the
refractive element(s) 110.15 have a common first optical axis
110.14 that is perpendicular to the first housing axis 103.2
and, thus, perpendicular to both, the optical axis 107.3 and the
optical axis 108.3.

All the first optical elements 110.1, 110.2, 110.15 are
mounted to the first housing unit 103.1 by suitable supports in
a statically determinate way.

The support unit 103 comprises a steel housing unit 103.1
of sufficient rigidity and strength to take the loads of the first
optical element unit 107 and the second optical element unit
108. Each optical element unit 107, 108 is mounted to the
housing unit 103.1 via a flange portion located at its inner-
most optical element module such that the optical element
unit 107 and 108, respectively, does substantially not protrude
into the housing unit 103.1. Thus, the dimensions of the
housing may be kept small reducing the expense for the
housing unit 103.1.

Furthermore, the housingunit 103.1 is optically functional.
To this end, it forms a gas tight and light tight enclosure of the
part of the light path between the first optical element unit 107
and the second optical element unit 108. To provide this gas
and light tightness, the optical element units 107 and 108 are
mounted to the housing unit in as gas and light tight manner



US 9,104,016 B2

13

via coupling elements as it has been described above. Thus, in
other words, the housing unit 103.1 integrates the function of
supporting the optical element units 107 and 108 and the
function of enclosing said third part of the light path between
the latter in a gas tight and light tight manner.

Furthermore, at its lower side, the housing unit 103.1 pro-
vides auxiliary interfaces, each with a simple planar auxiliary
interface surface 103.9. Each auxiliary interface surface
103.9 forms a rest interface for the support unit 103. At each
auxiliary interface 103.9 the support unit 103 and, thus, the
optical projection unit 102 is coupled to a support element
111 defining the position of the optical projection unit 102 in
space. Each auxiliary interface surface 103.9 also forms a
reference interface for the support unit 103.

Third Embodiment

FIG. 3 is a schematic view of a third preferred embodiment
of a catadioptric optical projection unit 202 according to the
present invention with a support unit 203 according to the
present invention, the support unit 203 again forming a first
optical element module according to the present invention.

The optical projection unit 202 again comprises two refrac-
tive optical sub-systems in the form of two elongated optical
element units, namely an a first optical element unit 207 and
a second optical element unit 208 mounted to and supported
by the support unit 203 comprising a housing 203.1. The
optical element units 207 and 208, again, are composed of a
stack of second optical element modules 207.1 and 208.1,
respectively.

As with the embodiments described above, each optical
element unit 207, 208 comprises a stack of second optical
element modules 207.1 and 208.1, respectively, connected to
each other. Each of said second optical element modules
comprises one or more optical elements as well as a support
frame supporting said optical element. The first optical ele-
ment unit 207 has an optical axis 207.3 defined by its optical
elements, while the second optical element unit 208 has an
optical axis 208.3 also defined by its optical elements. The
optical axis 207.3 is collinear with the optical axis 208.3

The first optical element module 203 comprises a rotation-
ally symmetric first housing unit 203.1 with a central axis of
symmetry in the form of a first housing axis 203.2 that is
collinear with the optical axes 207.3 and 208.3.

The first optical element module 203 further comprises a
catadioptric optical sub-system 210 of the optical projection
unit 202. To this end it comprises a plurality of first optical
elements in the form of a plurality of reflecting elements
210.1, 210.2, 210.16, 210.17 and a plurality refractive ele-
ments 210.15 and 210.18, e.g. lenses. All these first optical
elements 210.1, 210.2, 210.15, 210.16, 210.17, 210.18 have
optical axes that are inclined with respect to the first housing
axis 203.2 and, thus, inclined with respect to both, the optical
axis 207.3 and the optical axis 208.3.

All the first optical elements 210.1, 210.2, 210.15, 210.16,
210.17, 210.18 are mounted to the first housing unit 203.1 by
suitable supports in a statically determinate way via ring
shaped holders 210.19, 210.20, 210.21, respectively, in a
manner similar to the one as ithas been described above in the
context of FIG. 1.

The support unit 203 again comprises a steel housing unit
203.1 of sufficient rigidity and strength to take the loads of the
first optical element unit 207 and the second optical element
unit 208. Each optical element unit 207, 208 is mounted to the
housing unit 203.1 via a flange portion located at its inner-
most optical element module such that the optical element
unit 207 and 208, respectively, does substantially not protrude
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into the housing unit 203.1. Thus, the dimensions of the
housing may be kept small reducing the expense for the
housing unit 203.1.

The housing unit 203.1, according to the invention, is
arranged such that its outer shape, despite the off-axis
arrangement of the first optical elements 210.1, 210.2,
210.15,210.16,210.17,210.18, is substantially flush with the
outer shape of the optical element units 207 and 208. Thus, a
very compact symmetrical design with advantageous thermal
and dynamic behavior is achieved.

Furthermore, the housing unit 203.1 is optically functional.
To this end, it forms a gas tight and light tight enclosure of the
part of the light path between the first optical element unit 207
and the second optical element unit 208. To provide this gas
and light tightness, the optical element units 207 and 208 are
mounted to the housing unit in as gas and light tight manner
via coupling elements as it has been described above. Thus, in
other words, the housing unit 203.1 integrates the function of
supporting the optical element units 207 and 208 and the
function of enclosing said third part of the light path between
the latter in a gas tight and light tight manner.

Furthermore, at its lower side, the housing unit203.1 has a
radially protruding rotationally symmetric flange portion that
provides auxiliary interfaces, each with a simple planar aux-
iliary interface surface 203.9. Each auxiliary interface surface
203.9 forms a rest interface for the support unit 203. At each
auxiliary interface 203.9 the support unit 203 and, thus, the
optical projection unit 202 is coupled to a support element
211 defining the position of the optical projection unit 202 in
space. Each auxiliary interface surface 203.9 also forms a
reference interface for the support unit 203.

Fourth Embodiment

In the following, a fourth preferred embodiment of an
optical exposure apparatus 301 according to the present
invention comprising a catadioptric optical projection system
302 according to the present invention with a support unit 303
according to the present invention will be described with
reference to FIG. 4. In its basic design and functionality, this
second embodiment does not differ from the embodiment
described with reference to FIG. 1.

The optical exposure apparatus 301 is adapted to transfer
an image of a pattern formed on a mask 304 onto a substrate
308. To this end, the optical exposure apparatus 305 com-
prises an illumination system 306 illuminating said mask and
the optical projection system 302. The optical projection sys-
tem 302 projects the image of the pattern formed on the mask
304 onto the substrate 305, e.g. a wafer or the like.

The optical projection system 302 comprises four optical
sub-systems in the form of four lens units, namely a first lens
unit 307, a second lens unit 308 and two third lens units 313
mounted to and supported by the support unit 303. The first
lens unit 307 and the second lens unit 308 form a first lens unit
pair, while the two third lens units 313 form an second lens
unit pair. The optical projection system 302, again, receives
the part of the light path between the mask 304 and the
substrate 305.

Each lens unit 307, 308 and 313 comprises a stack of lens
modules 307.1, 308.1 and 313.1, 313.4, respectively, con-
nected to each other. Each of said lens modules 307.1, 308.1
and 313.1, respectively, comprises a lens 307.2, 308.2 and
313.2, respectively, as well as a support frame supporting said
lens 307.2, 308.2 and 313.2, respectively. The first lens unit
has a first optical axis 307.3, while the second lens unit 308
has a second optical axis 308.3. The third lens modules 313.1
have third optical axes 313.3. The third lens modules 313 .4 at
the outer end of the respective lens unit 313 further comprise
a reflective element 313.5.
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At least some of the lenses 307.2, 308.2 and 313.2 as well
as the reflective elements 313.5, respectively, are actively
positioned during operation of the exposure apparatus 306 by
means of active positioning devices controlled by a corre-
sponding control device (not shown). To this end, the control
device may receive information representative of the actual
imaging quality provided by the optical projection system
302 and control the operation of the active positioning devices
of' the respective lens module 307.1, 308.1 and 313.2 as well
as the reflective elements 313.5, respectively, in response to
this information.

The support unit 303 comprises a housing 303.1 of suffi-
cient rigidity and strength to take the loads of the first lens unit
307, the second lens unit 308 and the third lens units 313.
Furthermore, the housing 303.1 is optically functional. To
this end, it forms a gas tight and light tight enclosure of the
part of the light path between the first lens unit 307 and the
second lens unit 308. To provide this gas and light tightness,
the first lens unit 307, the second lens unit 308 and the third
lens units 313 all are mounted to the housing in as gas and
light tight manner via coupling elements 309 as disclosed in
the German patent application No. 103 52 820.2, filed on Nov.
11, 2003, the disclosure of which is incorporated herein by
reference. These coupling elements 309 also provide for a
thermal deformation decoupling of the housing and the
respective lens unit 307, 308 and 313. Thus, in other words,
the housing 303.1 integrates the function of supporting the
first lens unit 307 and the second lens unit 308 and the func-
tion of enclosing the light path between the latter in a gas tight
and light tight manner.

A further optical sub-system 310 of the catadioptric optical
projection system 302 is located within the housing 303.1.
This further optical sub-system is formed by a prism 310.1.
This prism 310.1 is mounted to the housing 303.1 by three
suitable supports 310.3 in a statically determinate way,
namely in an isostatic manner. It will be appreciated that, with
other embodiments of the present invention, the beam splitter
may be mounted to a frame which is, in turn, mounted in a
statically determinate way to the housing.

The housing 303.1, at its upper side, provides a first inter-
face 303.2 with a simple planar first interface surface 303.3.
This first interface 303.2 forms a first support interface for the
first lens unit 307. At its lower side, the housing 303.1 pro-
vides a second interface 303.4 with a simple planar second
interface surface 303.5. This second interface 303.4 forms a
second support interface for the second lens unit 308. The
housing 303.1, at opposite vertical sides, provides third inter-
faces 303.8 with a simple planar third interface surface 303.9.
Each third interface 303.8 forms a third support interface for
one of the third lens units 313. These planar interface surfaces
303.3, 303.5 and 303.9 are easy to manufacture e.g. by cor-
responding manufacturing processes such as turning, milling,
grinding, polishing etc. or combinations thereof. They add to
the overall simplicity of the design.

The first interface surface 303.3 is parallel to the second
interface surface 303.5. Furthermore, the first optical axis
307.3 of the first lens unit 307 and the second optical axis
308.3 of the second lens unit 308 are adjusted to be trans-
versely offset and parallel to a first direction. In the embodi-
ment shown, the first interface has a first interface axis col-
linear with the first optical axis 307.3. Furthermore, the
second interface has a second interface axis collinear with the
second optical axis 308.3 and, thus, transversely offset and
parallel to the first interface axis. The third optical axes 313.3
of'the third lens units 313 are collinear and parallel to a second
direction.
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Therespective first interface surface 303.3 is perpendicular
to the third interface surface 303.9. Furthermore, the first
direction extends transversely to the second direction. In par-
ticular, the first direction is substantially perpendicular to the
second direction. Thus, the first optical axis 307.3 of the first
lens unit 307 and the third optical axis 313.3 of the third lens
unit 313 are adjusted to be substantially perpendicular. In the
embodiment shown, the first interface has a first interface axis
collinear with the first optical axis 307.3. Furthermore, the
third interface has a third interface axis collinear with the
third optical axis 313.3 and, thus, perpendicular to the first
interface axis.

However, it will be appreciated that, depending on the
required geometry of the light path other alignments of the
interface surfaces, the interface axes and the optical axes,
respectively, may be provided by simple adjustments of the
respective coupling between the lens unit and the housing.

At its lower side, the housing 303.1 furthermore provides
two auxiliary interfaces 303.6, each with a simple planar
auxiliary interface surface 303.7. Each auxiliary interface
surface 303.7 forms a rest interface for the support unit 303.
At each auxiliary interface 303.7 the support unit 303 and,
thus, the optical projection system 302 is coupled to a support
element 311 defining the position of the optical projection
system 302 in space. Each auxiliary interface surface 303.7
also forms a reference interface for the support unit 303.

The auxiliary interface surfaces 303.7 are separated from
but coplanar with the second interface surface 303.5. Thus, all
the interface surfaces 303.5 and 303.7 at the lower side of the
housing 303.1 may be manufactured in one common step
adding to the overall accuracy of the system. To avoid adverse
run-on effects during manufacturing affecting the surface
quality of the respective interface surface, the surfaces are
provided with inclined ramps at their periphery.

It will be appreciated that the above design with coplanar
interface surfaces is of particular advantage. However, it will
also be appreciated that, with other embodiments of the
present invention, other surface configurations may be cho-
sen. Preferably, at least the first and second interface surface
forming the support interface for the respective lens unit
protrudes further from the housing than any other part of the
housing in order to provide easy access to this surface during
its manufacture, e.g. with a large grinding machine etc.

It will be appreciated that further easily accessible external
interfaces may be provided at the housing 303.1 for arbitrary
purposes such as for metrology purposes etc. Furthermore,
interfaces may be provided for external supports externally
supporting the lens units.

The housing 303.1 is a monolithic housing made of a
ceramic material comprising SiC. The housing 303.1 is pre-
pared in a low shrinkage near-net-shape casting process. Parts
of the housing 303.1 are then processed, e.g. milled or the
like, to provide the desired shape. The housing 303.1 is then
ceramized in a low shrinkage near-net-shape reaction infil-
tration process. Thus, the housing 303.1 has a high modulus
of elasticity, a high thermal conductivity and a low thermal
expansion coefficient.

Due to its strength and rigidity, during mounting the lens
units, the housing 303.1 may be freely positioned, in particu-
lar rotated, in space to provide easy access to the respective
areas to be worked on. To provide easy positioning of the
respective lens unit during the process of mounting it to the
housing 303.1, the respective interface 303.2, 303.4 and
303.8 has an air bearing unit which may be connected to a
source 314 of pressurized air or the like.

In the foregoing, the present invention has been described
in the context of two embodiments having two and four lens
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units, respectively. However, it will be appreciated that other
variants of the invention may comprise another number of
lens units supported by the support unit.

In the following several examples of optical projection
systems according to the present invention will be described
to explain further preferred arrangements of the optical sub-
systems of the optical projection system. The components of
these optical projection systems, in their design and function-
ality, correspond to the components of the embodiments
described above in the context of FIGS. 1 and 4. All those
optical projection systems are suitable for being applied in an
optical exposure apparatus according to the present invention
as it has been described above in the context of FIGS. 1 and 4.

Fifth Embodiment

FIG. 5 is a schematic partially sectional view of a further
preferred embodiment of a catadioptric optical projection
system 402 according to the present invention with a support
unit 403 according to the present invention.

The optical projection system 402 comprises two refractive
optical sub-systems in the form of two elongated lens units,
namely a first lens unit in the form of a first lens unit 407 and
a second lens unit in the form of a second lens unit 408
mounted to and supported by the support unit 403 comprising
a housing 403.1. The optical projection system 402 further
comprises a third optical sub-system, namely a third lens unit
in the form of a third lens unit 413.

A fourth optical sub-system 410 forming a reflective part of
the catadioptric optical projection system 402 is located
within the housing 403.1. This further optical sub-system is
formed by a reflective element in the form a prism 410. The
prism 410 defines the shape of the light path within the hous-
ing 403.1. It is mounted to the housing 403.1 by suitable
supports in a statically determinate way.

As with the embodiments described above, each lens unit
407,408, 413 comprises a stack of lens modules connected to
each other. Each of said lens modules comprises a lens as well
as a support frame supporting said lens. The third lens unit
413 at its outer end further comprises a reflective element
413.5. The first lens unit 407 has a first optical axis 407.3,
while the second lens unit 408 has a second optical axis 408.3
and the third lens unit 413 has a third optical axis 413.3. The
first optical axis 407.3 is collinear with the second optical axis
408.3, while the third optical axis 413.3 is perpendicular to
both, the first optical axis 407.3 and the second optical axis
408.3.

The support unit 403 comprises a steel housing 403.1 of
sufficient rigidity and strength to take the loads of the first lens
unit 407, the second lens unit 408 and the third lens unit 413.
Each lens unit 407, 408 and 413 is mounted to the housing
403.1 via a flange portion located at its innermost lens module
such that the lens unit 407, 408 and 413, respectively, does
substantially not protrude into the housing 403.1. Thus, the
dimensions of the housing may be kept small reducing the
expense for the housing 403.1.

Furthermore, the housing 403.1 is optically functional. To
this end, it forms a gas tight and light tight enclosure of the
part of the light path between the first lens unit 407 and the
second lens unit 408. To provide this gas and light tightness,
the lens units 407, 408 and 413 are mounted to the housing in
as gas and light tight manner via coupling elements as it has
been described above. Thus, in other words, the housing
403.1 integrates the function of supporting the lens units 407,
408 and 413 and the function of enclosing said third part of
the light path between the latter in a gas tight and light tight
manner.

Furthermore, at its lower side, the housing 403.1 provides
auxiliary interfaces, each with a simple planar auxiliary inter-
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face surface 403.7. Each auxiliary interface surface 403.7
forms a rest interface for the support unit 403. At each auxil-
iary interface 403.7 the support unit 403 and, thus, the optical
projection system 402 is coupled to a support element 411
defining the position of the optical projection system 402 in
space. Each auxiliary interface surface 403.7 also forms a
reference interface for the support unit 403.

Sixth Embodiment

FIG. 6 is a schematic partially sectional view of a further
preferred embodiment of a catadioptric optical projection
system 502 according to the present invention with a support
unit 503 according to the present invention. This embodiment
largely corresponds to the embodiment of FIG. 5. Thus, like
components have been designated with it the same reference
numerals added by a dash and it is here mainly referred to the
differences only.

A main difference lies within the connection of the lens
units 507, 508 and 513 to the housing 503.1. Each lens unit
507,508 and 513 is mounted to the housing 503.1 via a flange
portion located at a more central lens module of the lens unit
507, 508 and 513, respectively. Thus, the lens unit 507, 508
and 513, respectively, protrudes into the housing 503.1.
Although the dimensions of the housing 503.1 increase com-
pared to the housing 503.1 of FIG. 5, this configuration has
advantages with respect to the vibration behavior of the opti-
cal projection system 502. Thus, external supports 12, as
described in the context of FIG. 1, may be avoided.

Seventh Embodiment

FIG. 7 is a schematic partially sectional view of a further
preferred embodiment of a catadioptric optical projection
system 602 according to the present invention with a support
unit 603 according to the present invention. This embodiment
largely corresponds to the embodiment of FIG. 5. Thus, like
components have been designated with it the same reference
numerals added by two dashes and it is here mainly referred
to the differences only.

A main difference lies within the connection of the lens
units 607, 608 and 613 to the housing 603.1 and the size of the
housing 603.1. Each lens unit 607, 608 and 613 is mounted to
the housing 603.1 via a flange portion located at the lens
module at the outward end of the lens unit 607, 608 and 613,
respectively. Thus, the lens unit 607, 608 and 613, respec-
tively, substantially extends within the housing 603.1.
Although the dimensions of the housing 603.1 considerably
increase compared to the housing 603.1 of FIG. 5, this con-
figuration has the advantage that the lens units 607, 608 and
613 are protected from external influences by the housing
603.1. In particular, certain given or preferred environmental
conditions for the optical projection system 602 may easily be
maintained within the housing 603.1.

Eighth Embodiment

FIG. 8 is a schematic partially sectional view of a further
preferred embodiment of a catadioptric optical projection
system 702 according to the present invention with a support
unit 703 according to the present invention.

The optical projection system 702 comprises two refractive
optical sub-systems in the form of two elongated lens units,
namely a first lens unit in the form of a first lens unit 707 and
a second lens unit in the form of a second lens unit 708
mounted to and supported by the support unit 703 comprising
a housing 703.1. The optical projection system 702 further
comprises two third optical sub-systems, namely two third
lens units in the form of two third lens units 713.

A fourth optical sub-system 710 forming a reflective part of
the catadioptric optical projection system 702 is located
within the housing 703.1. This further optical sub-system is
formed by a reflective element in the form a double sided
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mirror 710. The mirror 710 defines the shape of the light path
within the housing 703.1. It is mounted to the housing 703.1
by suitable supports in a statically determinate way.

As with the embodiments described above, each lens unit
707,708, 713 comprises a stack of lens modules connected to
each other. Each of said lens modules comprises a lens as well
as a support frame supporting said lens. The third lens units
713 at their outer end further comprise a reflective element
713.5. The first lens unit 707 has a first optical axis 707.3,
while the second lens unit 708 has a second optical axis 708.3
and each third lens unit 713 has a third optical axis 713.3. The
first optical axis 707.3 is collinear with the second optical axis
708.3, while the third optical axes 713.3 are collinear with
each other but perpendicular to both, the first optical axis
707.3 and the second optical axis 708.3.

The support unit 703 comprises a steel housing 703.1 of
sufficient rigidity and strength to take the loads of the first lens
unit 707, the second lens unit 708 and the third lens unit 713.
Each lens unit 707, 708 and 713 is mounted to the housing
703.1 via a flange portion located at its innermost lens module
such that the lens unit 707, 708 and 713, respectively, does
substantially not protrude into the housing 703.1. Thus, the
dimensions of the housing may be kept small reducing the
expense for the housing 703.1.

Furthermore, the housing 703.1 is optically functional. To
this end, it forms a gas tight and light tight enclosure of the
part of the light path between the first lens unit 707 and the
second lens unit 708. To provide this gas and light tightness,
the lens units 707, 708 and 713 are mounted to the housing in
as gas and light tight manner via coupling elements as it has
been described above. Thus, in other words, the housing
703.1 integrates the function of supporting the lens units 707,
708 and 713 and the function of enclosing said third part of
the light path between the latter in a gas tight and light tight
manner.

Furthermore, at its lower side, the housing 703.1 provides
auxiliary interfaces, each with a simple planar auxiliary inter-
face surface 703.7. Each auxiliary interface surface 703.7
forms a rest interface for the support unit 703. At each auxil-
iary interface 703.7 the support unit 703 and, thus, the optical
projection system 702 is coupled to a support element 711
defining the position of the optical projection system 702 in
space. Each auxiliary interface surface 703.7 also forms a
reference interface for the support unit 703.

Ninth Embodiment

FIG. 9 is a schematic partially sectional view of a further
preferred embodiment of a catadioptric optical projection
system 802 according to the present invention with a support
unit 803 according to the present invention.

The optical projection system 802 comprises two refractive
optical sub-systems in the form of two elongated lens units,
namely a first lens unit in the form of a first lens unit 807 and
a second lens unit in the form of a second lens unit 808
mounted to and supported by the support unit 803 comprising
a housing 803.1. The optical projection system 802 further
comprises a third optical sub-system, namely a third lens unit
in the form of a third lens unit 813.

A fourth optical sub-system 810 forming a reflective part of
the catadioptric optical projection system 802 is located
within the housing 803.1. This further optical sub-system
comprises a reflective element in the form of a mirror 8§10.1
and a beam splitter 810.2. The mirror 810.1 and the beam
splitter 810.2 define the shape of the light path within the
housing 803.1. They are mounted to the housing 803.1 by
suitable supports in a statically determinate way.

As with the embodiments described above, each lens unit
807, 808, 813 comprises a stack of lens modules connected to
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each other. Each of said lens modules comprises a lens as well
as a support frame supporting said lens. The third lens unit
813 at its outer end further comprises a reflective element
813.5. The first lens unit 807 has a first optical axis 807.3,
while the second lens unit 808 has a second optical axis 808.3
and the third lens unit 813 has a third optical axis 813.3. The
first optical axis 807.3 is parallel and transversely offset to the
second optical axis 808.3, while the third optical axis 813.3 is
perpendicular to both, the first optical axis 807.3 and the
second optical axis 808.3.

The support unit 803 comprises a ceramic housing 803.1 of
sufficient rigidity and strength to take the loads of the first lens
unit 807, the second lens unit 808 and the third lens unit 813.
Each lens unit 807, 808 and 813 is mounted to the housing
803.1 via a flange portion located at its innermost lens module
such that the lens unit 807, 808 and 813, respectively, does
substantially not protrude into the housing 803.1. Thus, the
dimensions of the housing may be kept small reducing the
expense for the housing 803.1.

Furthermore, the housing 803.1 again is optically func-
tional. To this end, it forms a gas tight and light tight enclosure
of'the part of the light path between the first lens unit 807 and
the second lens unit 808. To provide this gas and light tight-
ness, the lens units 807, 808 and 813 are mounted to the
housing in as gas and light tight manner via coupling elements
as it has been described above. Thus, in other words, the
housing 803.1 integrates the function of supporting the lens
units 807, 808 and 813 and the function of enclosing said third
part of the light path between the latter in a gas tight and light
tight manner.

Furthermore, at its lower side, the housing 803.1 provides
auxiliary interfaces, each with a simple planar auxiliary inter-
face surface 803.7. Each auxiliary interface surface 803.7
forms a rest interface for the support unit 803. At each auxil-
iary interface 803.7 the support unit 803 and, thus, the optical
projection system 802 is coupled to a support element 811
defining the position of the optical projection system 802 in
space. Each auxiliary interface surface 803.7 also forms a
reference interface for the support unit 803.

Tenth Embodiment

FIG. 10 is a schematic partially sectional view of a further
preferred embodiment of a catadioptric optical projection
system 902 according to the present invention with a support
unit 903 according to the present invention.

The optical projection system 902 comprises two refractive
optical sub-systems in the form of two elongated lens units,
namely a first lens unit in the form of a first lens unit 907 and
a second lens unit in the form of a second lens unit 908
mounted to and supported by the support unit 903 comprising
a housing 903.1. The optical projection system 902 further
comprises a third optical sub-system, namely a third lens unit
in the form of a third lens unit 913.

A fourth optical sub-system 910 forming a reflective part of
the catadioptric optical projection system 902 is located
within the housing 903.1. This further optical sub-system
comprises two reflective optical elements in the form of a
prism 910.1 and a mirror 910.2 as well as a refractive optical
element in the form of a lens or lens group 910.3. The prism
910.1, the mirror 910.2 and the lens or lens group 910.3 define
the shape of the light path within the housing 903.1. They are
mounted to the housing 903.1 by suitable supports in a stati-
cally determinate way.

As with the embodiments described above, each lens unit
907,908, 913 comprises a stack of lens modules connected to
each other. Each of said lens modules comprises a lens as well
as a support frame supporting said lens. The third lens unit
913 at its outer end further comprises a reflective element
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913.5. The first lens unit 907 has a first optical axis 907.3,
while the second lens unit 908 has a second optical axis 908.3
and the third lens unit 913 has a third optical axis 913.3. The
first optical axis 907.3 is collinear with the second optical axis
908.3, while the third optical axis 913.3 is parallel and trans-
versely offset to both, the first optical axis 907.3 and the
second optical axis 908.3.

The support unit 903 comprises a steel housing 903.1 of
sufficient rigidity and strength to take the loads of the first lens
unit 907, the second lens unit 908 and the third lens unit 913.
Each lens unit 907, 908 and 913 is mounted to the housing
903.1 via a flange portion located at its innermost lens module
such that the lens unit 907, 908 and 913, respectively, does
substantially not protrude into the housing 903.1. Thus, the
dimensions of the housing may be kept small reducing the
expense for the housing 903.1.

Furthermore, the housing 903.1 again is optically func-
tional. To this end, it forms a gas tight and light tight enclosure
of'the part of the light path between the first lens unit 907 and
the second lens unit 908. To provide this gas and light tight-
ness, the lens units 907, 908 and 913 are mounted to the
housing in as gas and light tight manner via coupling elements
as it has been described above. Thus, in other words, the
housing 903.1 integrates the function of supporting the lens
units 907, 908 and 913 and the function of enclosing said third
part of the light path between the latter in a gas tight and light
tight manner.

Furthermore, at its lower side, the housing 903.1 provides
auxiliary interfaces, each with a simple planar auxiliary inter-
face surface 903.7. Each auxiliary interface surface 903.7
forms a rest interface for the support unit 903. At each auxil-
iary interface 903.7 the support unit 903 and, thus, the optical
projection system 902 is coupled to a support element 911
defining the position of the optical projection system 902 in
space. Each auxiliary interface surface 903.7 also forms a
reference interface for the support unit 903.

Eleventh Embodiment

In the following, a further preferred embodiment of an
optical exposure apparatus 1001 according to the present
invention comprising a catadioptric optical projection system
1002 according to the present invention with a support unit
1003 according to the present invention will be described
with reference to FIG. 11. In its basic design and functional-
ity, this embodiment does not differ from the embodiment
described with reference to FIG. 1. Thus, like components
have been designated with it the same reference numerals
raised by 1000 and it is here mainly referred to the differences
only.

The optical exposure apparatus 1001 is adapted to transfer
an image of a pattern formed on a mask 1004 onto a substrate
1008. To this end, the optical exposure apparatus 1005 com-
prises an illumination system 1006 illuminating said mask
and the optical projection system 1002. The optical projection
system 1002 projects the image of the pattern formed on the
mask 1004 onto the substrate 1005, e.g. a wafer or the like.

The optical projection system 1002 comprises two optical
sub-systems in the form of two elongated lens units, namely
a first lens unit in the form of a first lens unit 1007 and a
second lens unit in the form of a second lens unit 1008
mounted to and supported by the support unit 1003.

The optical projection system 1002 receives the part of the
light path between the mask 1004 and the substrate 1005. In
particular, the first lens unit 1007 receives a first part of said
light path while the second lens unit 1008 receives a second
part of said light path. The support unit 1003 receives a third
part of said light path located between the first lens unit 1007
and the second lens unit 1008.
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Each lens unit 1007, 1008 comprises a stack of lens mod-
ules 1007.1 and 1008.1, respectively, connected to each other.
Each of said lens modules 1007.1 and 1008.1, respectively,
comprises a lens 1007.2 and 1008.2, respectively, as well as a
support frame supporting said lens 1007.2 and 1008.2,
respectively. The first lens unit has a first optical axis 1007.3,
while the second lens unit 1008 has a second optical axis
1008.3.

At least some of the lenses 1007.2 and 1008.2, respectively,
are actively positioned during operation of the exposure appa-
ratus 1006 by means of active positioning devices controlled
by a corresponding control device (not shown). To this end,
the control device may receive information representative of
the actual imaging quality provided by the optical projection
system 1002 and control the operation of the active position-
ing devices of the respective lens module 1007.1 and 1008.1,
respectively, in response to this information.

The support unit 1003 comprises a support part 1003.1
centrally arranged within the optical projection system 1002.
This support part 1003.1 is of sufficient rigidity and strength
to take the loads of the first lens unit 1007 and the second lens
unit 1008. The support part 3.1 comprises an upper support
plate 1003.13 and a lower support plate 1003.14. These sup-
port plates 1003.13 and 1003.14 are connected via a plurality
of support struts 1003.15 evenly distributed at the circumfer-
ence of the support part 1003.1. The connection may be
provided by any suitable means. In particular, it may be
providedasitis disclosed in DE 198 30 719 A1, the disclosure
of which is incorporated herein by reference.

Furthermore, the support unit 1003 is optically functional.
To this end, a separate enveloping part in the form of a bellows
1003.16 is mounted between the upper support plate 1003.13
and the and the lower support plate 1003.14. The bellows
1003.16 together with the upper support plate 1003.13 and
the and the lower support plate 1003.14 forms a gas tight and
light tight envelope of the part of the light path between the
first lens unit 1007 and the second lens unit 1008. To provide
said gas and light tightness, the first lens unit 1007 and the
second lens unit 1008, both, are mounted to the support unit
1003 in a gas and light tight manner via coupling elements
1009 as disclosed in the German patent application No. 103
52 820.2, filed on Nov. 11, 2003, the disclosure of which is
incorporated herein by reference. These coupling elements
1009 also provide for a thermal deformation decoupling of
the support unit 1003 and the respective lens unit 1007, 1008.
Thus, in other words, the support unit 1003 integrates the
function of supporting the first lens unit 1007 and the second
lensunit 1008 and the function of enveloping said third part of
the light path between the latter in a gas tight and light tight
manner.

A further optical sub-system 1010 forming the reflective
part of the catadioptric optical projection system 1002 is
located within the support unit 1003. This further optical
sub-system is formed by two reflective elements in the form
of mirrors 1010.1 and 1010.2. These mirrors 1010.1 and
1010.2 define the shape of the light path within the support
unit1003. Both mirrors 1010.1 and 1010.2 are mounted to the
support unit 1003 by three suitable supports 1010.3 in a
statically determinate way, namely in an isostatic manner.

It will be appreciated that, with other embodiments of the
present invention, the mirrors may be mounted to mirror
frames which are, in turn, mounted in a statically determinate
way to the support unit. Furthermore, it will be appreciated
that, with other embodiments of the present invention, one or
both of the mirrors may be mounted to the support unit in a
statically indeterminate way. For example, a statically over-
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determinate mounting may be used to introduce defined
deformations into the respective mirror.

The further optical sub-system 1010 forming the reflective
part of the catadioptric optical projection system 1002 only
comprises reflective optical elements. However, it will be
appreciated that, with other embodiments of the present
invention, the further optical sub-system located within the
support unit may also comprise other optical elements, e.g.
refractive optical elements such as lenses etc. or diffractive
optical elements etc.

The upper support plate 1003.13 provides a first interface
1003.2 with a simple planar first interface surface 1003.3.
This first interface 1003.2 forms a first support interface for
the first lens unit 1007. The first interface 1003.2 also forms a
first passage for the light path from the first lens unit 1007 to
the support unit 1003.

At the lower side of the support unit 1003, opposite to the
first interface 1003.2, the lower support plate 1003.14 pro-
vides a second interface 1003.4 with a simple planar second
interface surface 1003.5. This second interface 1003.4 forms
a second support interface for the second lens unit 1008. The
second interface 1003.4 also forms a second passage for the
light path from the support unit 1003 to the second lens unit
1008.

The first interface surface 1003.3 is parallel to the second
interface surface 1003.5. Furthermore, the first optical axis
1007.3 of the first lens unit 1007 and the second optical axis
1008.3 of the second lens unit 1008 are adjusted to assume a
predetermined positional relationship. This predetermined
positional relationship may be any necessary positional rela-
tionship, e.g. parallel or inclined with respect to each other. In
the embodiment shown, the first optical axis 1007.3 of the
first lens unit 1007 the second optical axis 8.3 of the second
lens unit 1008 are adjusted to be collinear as a special case of
parallelism.

In the embodiment shown, the first interface has a first
interface axis collinear with the first optical axis 1007.3.
Furthermore, the second interface has a second interface axis
collinear with the second optical axis 1008.3 and, thus, col-
linear with the first interface axis. However, it will be appre-
ciated that, depending on the required geometry of the light
path other alignments of the interface surfaces, the interface
axes and the optical axes, respectively, may be provided by
simple adjustments of the respective coupling between the
lens unit and the support unit.

At its lower side, the support unit 1003 furthermore pro-
vides auxiliary interfaces 1003.6, each with a simple planar
auxiliary interface surface 1003.7. Each auxiliary interface
surface 1003.7 forms a rest interface for the support unit
1003. At each auxiliary interface 1003.7 the support unit 1003
and, thus, the optical projection system 1002 is coupled to a
support element 1011 defining the position of the optical
projection system 1002 in space. Each auxiliary interface
surface 1003.7 also forms a reference interface for the support
unit 1003.

The auxiliary interface surfaces 1003.7 are separated from
but coplanar with the second interface surface 1003.5. Thus,
all the interface surfaces 1003.5 and 1003.7 at the lower side
of'the supportunit 1003 may be manufactured in one common
step adding to the overall accuracy of the system. To avoid
adverse run-on effects during manufacturing affecting the
surface quality of the respective interface surface, the sur-
faces are provided with inclined ramps and/or overruns at
their periphery.

Twelfth Embodiment

In the following, a twelfth preferred embodiment of an
optical exposure apparatus 1 according to the present inven-

10

15

20

25

30

35

40

45

50

55

60

65

24

tion comprising a catadioptric optical projection system 2
according to the present invention with a support unit 3
according to the present invention will be described with
reference to FIG. 12. In its basic design and functionality, this
embodiment does not differ from the embodiment described
with reference to FIG. 1. In particular, the majority of the
components of the optical exposure apparatus 1 is identical
with the components of the optical exposure apparatus 1 of
FIG. 1. Thus, in FIG. 12, components identical with the
components of FIG. 1 have been designated with identical
reference numerals and, with respect to these identical com-
ponents it is here only referred to the explanation given above
in the context of FIG. 1. As a consequence of this widely
identical design it is here mainly referred to the differences
only.

The difference with respect to the embodiment of FIG. 1
lies within the design of the coupling devices 1109.1 and
1109.2 by which the first lens unit 7 and the second lens unit
8 are respectively mounted to the housing 3.1. These coupling
devices 1109.1 an 1109.2 provide for a thermal axial shift
compensation along the optical axis 7.3 and 8.3 of the respec-
tive lens unit 7 and 8 with respect to the housing 3.1 as will be
explained in the following.

The components of the first lens unit 7 and the second lens
unit 8 forming the outer shell of the respective lens unit 7 and
8 are made of a first material that has a first coefficient of
thermal expansion c;. The thermal expansion of these com-
ponents occurring due to a raise in the temperature within
these components, among others, would cause an axial shift
between the points on the first lens unit 7 and the points on the
second lens unit 8 along the optical axes 7.3 and 8.3 ofthe lens
units 7 and 8 if the respective lens unit 7 and 8 was directly
connected to the housing 3.1. The coupling devices 1109.1
and 1109.2 widely reduce or compensate for this thermal
expansion effect by assuring that the center point 7.4 of the
first lens unit 7 and the center point 8.4 of the second lens unit
8 upon thermal expansion substantially keep their axial dis-
tance with respect to the first interface surface 3.3 and the
second interface surface 3.5, respectively.

To this end, the first coupling device 1109.1 is formed by a
plurality of coupling units 1109.3 evenly distributed at the
circumference of the first lens unit 7. Each coupling unit
1109.3 comprises a first coupling element 1109.4 and a sec-
ond coupling element 1109.5. The first coupling element
1109 4, on its first end, is coupled to the first interface surface
3.3 of the first interface 3.2 and has a second coefficient of
thermal expansion o, different from the first coefficient of
thermal expansion a; of the first lens unit 7. The second
coupling element 1109.5 is coupled with its first end to the
second end of the first coupling element 1109.4. The second
coupling element 1109.5, on its second end, is coupled to the
first lens unit 7. The second coupling element 1109.5 has a
third coefficient of thermal expansion c different from the
first coefficient of thermal expansion o, of the first lens unit 7
and the second coefficient of thermal expansion a., of the first
coupling element 1109.4.

With the dimension L, of the first lens unit 7, the dimension
L, of the first coupling element 1109.4 and the dimension [
of'the second coupling element 1109.5 given in FIG. 10, the
axial height H of the center point 7.4 of the first lens unit 7
above the first interface surface 3.3 calculates as:

H=L,-L+L,. (1)

As a function of the change in the temperature situation AT
and the coefficient of thermal expansion of the respective
component 7, 1109.4 and 1109.5, the variation AH in the
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height H of the center point 7.4 of the first lens unit 7 above the
first interface surface 3.3 calculates as:

AH(AT 01300503)=AL | (AT:a ) -ALy (AT az)+ALy (AT
).

@
It will be appreciated that the coefficients of thermal expan-

sion a.;, ., and o, and the dimensions L, L, and I.; may be
selected such that the condition

AH(AT 0y;00503)=AL | (AT:a ) -AL3 (AT az)+ALy (AT
a,)=0
is substantially fulfilled.

As an example: when the change in the temperature situa-
tion AT is substantially equal for all components, with a
reference dimension L, z, a reference dimension L, and a
reference dimension L5, of the respective component, Equa-
tion (3) may be written as:

3

AH=L pa;-Lig-a3+L;50,=0

3

WithL,,=xL, rand L ; =y L,z Equation (3) may be rewrit-
ten as:

AH=L pa,-y- Lz 03+x L za,=0.

Q)

Equation (4) may be resolved to provide:

az

®

Thus, it will be appreciated that, e.g. for a given material for
the outer shell of the first lens unit 7, reasonable material
combinations and dimensions for the first coupling element
1109.4 and the second coupling element 1109.5 may be
found. For example, if the outer shell of the first lens unit 7 is
made of steel, the first coupling element 1109.4 is made of
Invar and the second coupling element 1109.5 is made of
aluminum, i.e. with o, =10-107°, 0.,=1-107% and c;=24-107¢,
solutions of Equation (5) with practical dimensions are
between about x~y=~0.44 and x=0.56, y=0.44.

The coupling between the first coupling element 1109.4
and the second coupling element 1109.5 as well as between
the second coupling element 1109.5 and the first lens unit 7
may be of any suitable type. Preferably a coupling is selected
that provides a radial thermal deformation decoupling. Fur-
thermore, any suitable number of coupling units 1109.3 may
be chosen. Preferably, three coupling units 1109.3 are evenly
distributed at the circumference of the first lens unit 7.

The light and gas tight enclosure of the light path is pro-
vided by a bellows 1109.6 or any other suitably flexible but
gas and light tight component.

The second coupling device 1109.2 is formed by a cylin-
drical first coupling element 1109.7 and a cylindrical second
coupling element 1109.8. Both, the first coupling element
1109.7 and a second coupling element 1109.8 are arranged
coaxially with the second lens unit 8.

The first coupling element 1109.7, on its first end, is
coupled to the second interface surface 3.5 of the second
interface 3.4 and has a second coefficient of thermal expan-
sion a., different from the first coefficient of thermal expan-
sion o, of the second lens unit 8. The second coupling ele-
ment 1109.8 is coupled with its first end to the second end of
the first coupling element 1109.7. The second coupling ele-
ment 1109.8, on its second end, is coupled to the second lens
unit 8. The second coupling element 1109.8 has a third coef-
ficient of thermal expansion o, different from the first coet-
ficient of thermal expansion ., of the second lens unit 8 and
the second coefficient of thermal expansion ., of the first
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coupling element 1109.7. Thus axial shift compensation may
be achieved by suitably selecting the coefficients of thermal
expansion and the dimensions of the first and second coupling
element 1109.7 and 1109.8 in the same way as it has been
described in the context of the first coupling device 1109.1.

The light and gas tight enclosure of the light path is pro-
vided by the first and second coupling element 1109.7 and
1109.8 being suitably connected in a light and gas tight man-
ner. Of course, any other additional suitably light and gas tight
enclosure may be chosen as well.

It will be appreciated that any other couple of points of the
optical projection system 2 may be selected as the reference
point and the point to kept at a constant distance form this
reference point. Of course, compensation for the thermal
expansion of the housing 3.1 may also be realized such that a
constant distance is maintained between two points on the
first lens unit 7 and the second lens unit 8 at any temperature
situation. Furthermore, it will be appreciated that only one
type of coupling device may be used in one optical projection
system.

In the foregoing, the present invention has been described
in the context of embodiments having a housing made of a
ceramic material comprising SiC or having a housing made of
steel, respectively. However, it will be appreciated that other
variants of the invention may comprise a housing made
another material, in particular made of another ceramic mate-
rial, such as SiN or C/C—SiC, another metal or a metal alloy.

Finally, it is to be mentioned that the disclosure of all
references cited hereinbefore is incorporated herein by refer-
ence. Insofar as a description of these references or a com-
ment on these references is given, neither correctness nor
completeness whatsoever is claimed.

What is claimed is:

1. An optical projection system for a microlithography
system comprising

a light path,

a first lens unit receiving a first part of said light path,

a second lens unit receiving a second part of said light path,

a support unit supporting said first lens unit and said second

lens unit;

said first lens unit and said second lens unit being elongated

lens units comprising a plurality of lenses;

said support unit comprising a housing receiving a third

part of said light path and enclosing at least one reflec-
tive element;

said housing comprising at least a first interface and a

second interface;

said first interface being a first support interface supporting

said first lens unit;

said second interface being a second support interface sup-

porting said second lens unit at a location substantially
opposite to said first interface.

2. The optical projection system according to claim 1,
wherein:

said first interface includes a first passage for said light

path;

said second interface includes a second passage for said

light path;

said housing defines an envelope for said light path; and

said envelope, apart from said first passage and said second

passage, is essentially gas tight.

3. The optical projection system according to claim 1,
wherein said at least one reflective element is adjustably held
in said housing.

4. The optical projection system according to claim 1,
wherein said at least one reflective element is selected from
the group consisting of a prism, a beam splitter, an optical
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element defining a shape of said light path within said hous-
ing, and an optical element defining a part of an optical axis of
said optical projection system.

5. The optical projection system according to claim 1,
wherein said first lens unit has a first optical axis, and said
second lens unit has a second optical axis which is collinear
with said first optical axis or parallel to said first optical axis.

6. The optical projection system according to claim 1,
further comprising a third lens unit, wherein said support unit
is supporting said third lens unit.

7. The optical projection system according to claim 6,
wherein said first lens unit has a first optical axis, and said
third lens unit has a third optical axis which is inclined with
respect to said first optical axis.

8. The optical projection system according to claim 6,
wherein said third lens unit comprises a reflective element.

9. The optical projection system according to claim 1,
wherein said supporting part comprises a plurality of support
interfaces, and each support interface supports one of said
lens units.

10. The optical projection system according to claim 1,
wherein said supporting part is monolithic.

11. The optical projection system according to claim 1,
wherein said supporting part is composed of a plurality of
separate components.

12. The optical projection system according to claim 1,
wherein said supporting part comprises a material having at
least one property selected from the group consisting of ahigh
modulus of elasticity, a high thermal conductivity, and a low
thermal expansion coefficient.

13. The optical projection system according to claim 1,
wherein said supporting part comprises a ceramic material.

14. The optical projection system according to claim 1,
wherein said supporting part comprises SiC.

15. The optical projection system according to claim 1,
wherein said supporting part comprises ceramically bonded
sub-sections.
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16. The optical projection system according to claim 1,
wherein said supporting part is formed using at least one
process selected from the group consisting of a low shrinkage
near-net-shape casting process and a low shrinkage near-net-
shape reaction infiltration process.

17. The optical projection system according to claim 1,
wherein said first interface comprises an air bearing unit.

18. The optical projection system according to claim 1,
further comprising a device configured to compensate a ther-
mally induced shift between components of said optical pro-
jection system.

19. The optical projection system according to claim 1,
wherein said first interface is configured to adjust said first
optical element unit.

20. The optical projection system according to claim 1,
wherein said second interface is configured to adjust said
second optical element unit.

21. The optical projection system according to claim 1,
wherein said support unit has at least an internal interface
configured to support and adjust said at least one reflective
element received within said support housing.

22. The optical projection system according to claim 2,
wherein said envelope comprises a bellows.

23. An apparatus, comprising:

an illumination system; and

an optical projection system according to claim 1,

wherein the apparatus is an optical exposure apparatus.

24. A method of operating an optical exposure apparatus
comprising an illumination system and an optical projection
system, the method comprising:

using the illumination system to illuminate a pattern of a

mask; and

using the optical exposure apparatus to transfer an image of

the illuminated pattern of the mask onto a substrate,
wherein the optical projection system is an optical projec-
tion system according to claim 1.

#* #* #* #* #*
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